High thermal conductive adhesive having extreme low interfacial thermal resistance was developed for thermal management of power device and modulus. We focused on reducing an interfacial heat resistance between high thermal conductive sheet composed of resin and heat conductive filler and metal such as Cu or Al. The interfacial thermal resistance was determined by modulus of heat conductive sheet and dispersion of high heat conductive filler. The low modulus sheet and the good dispersed sheet showed lower interfacial thermal resistance. In addition, we investigated the effect of filler size. The larger filler size showed higher heat conductivity and higher interfacial thermal resistance. To consider the effect of those facts, we successfully developed the high thermal conductive sheet with extremely low interfacial thermal resistance. Bulk heat conductivity of the sheet is higher than 10 W/mK. The interface thermal resistance is below 0.009 K/W.
Introduction
To realize a sustainable society, improvement of heat dissipation of power device is one of the key issues. Usually ceramic heat conductive sheet and grease were used to contact the heat sink for heat dissipation. In order to reduce the weight of power device module, using of heat conductive adhesive sheet is investigated instead of ceramic sheet and grease.
In most works, heat conductive sheet development is focusing on the materials heat conductivity. [1, 2] In this paper, authors are measured an interfacial thermal resistance by steady-state method. [3] And we investigated the effect of material properties on the interfacial thermal resistance. From those results, we developed the heat conductive sheet with extreme low interfacial thermal resistance. In addition, the material shows good heat stability (>300°C). It is suitable for high temperature operation power devices such as SiC.
Experimental

Polyimide preparation
Polyimide solution was prepared by following procedure. Fixed amount of diamines were added to 4 neck flask with nitrogen inlet, a thermometer, reflux vessel and stir-ring fan and dissolved in N-methyl-2-pyrrodidone (NMP) in an oil bath. Fixed amount of tetracarboxylic dianhydrides were added the diamine solution. The mixed solution was heated at 60°C for 1 hr. then heated to 180°C for 4 hrs. under nitrogen flow. The solution was cooled to room temperature. The solid content was controlled about 30-40 wt%.
Preparation heat conductive sheet
Heat conductive sheet was obtained by following procedure. Heat conductive fillers, polyimide solution, and epoxy resin were mixed in a planetary mixer. The mixed solution was treated by a 3 roller mill to make good dispersion.
The mixed solution was coated on a surface treated polyethylene terephthalate (PET) film at 50 to 1,000 μm wet thickness. The coated sheet was prebaked in a convection oven at 80°C for 15 min to obtain heat conductive adhesive B-stage sheet.
Measurement of heat conductivity and interfacial thermal resistance
Heat conductivity and interfacial thermal resistance were measured by Steady-state method using TCM-1001 (RHESCA) as shown in Fig. 1 . The test method is followed by ASTM, [4] In addition, bulk heat conductivity was measured by laser-flash method.
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Result and Discussion
Heat conductive sheet preparation
Heat conductive sheet was made from binder resin such as polyimide or epoxy resin, heat conductive filler such as Al 2 O 3 . We choose polyimide as a binder resin, because polyimide shows good heat stability. The polyimide based heat conductive materials will be suitable for SiC power devices operating at higher than 200°C.
Heat conductive sheet was composed of heat conductive fillers, polyimide resin, cross-linkers, and reaction catalysts. We changed modulus of polyimides, and heat conductive filler amount. 
Effect of filler loading and filler size
Total thermal resistance was measured by steady-state method. Measuring the different thickness samples, interfacial thermal resistance were estimated by extrapolation to 0 thickness. 
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Next we investigated the effect of filler size on heat conductivity and interfacial thermal resistance shown in Fig.   4 . As shown in Fig. 4 , large filler makes high heat conductivity and poor interfacial thermal resistance. Fillers play a role to increase heat conductivity by making a heat transfer path. Large filler shows higher possibilities to contact other fillers than that of small one. As a result, heat conductive sheet having large fillers shows a high heat conductivity.
On the other hand, considering an interfacial thermal resistance, it is thought that the large filler increases a surface roughness of heat conductive sheet. So the surface roughness will increase interfacial thermal resistance.
To obtain good heat conductive material, small size filler dispersed at surface region to decrease interfacial thermal resistance and large size filler dispersed at center region to increase bulk heat conductivity are thought to be desired.
Effect of epoxy resin on dispersion
Akatsuka and Takizawa reported that epoxy resin having mesogen shows exceptionally high heat conductivity due to highly orientation. [5] So in this experiment we examined the rigid epoxy resin to show relative high heat conductivity without fillier (about 0.2 W/mK). As shown in Fig. 5 , high heat conductive rigid epoxy and low thermal conductive common epoxy resin were examined.
We thought that the rigid naphthalene type epoxy with polyimide and filler would show higher thermal conductivity due to its high thermal conductivity without filler. In spite of expectation, the rigid epoxy sheet shows low heat conductivity. As shown in Fig. 5 , we observed some big voids in the rigid thermal conductive sheet. So this means the rigid epoxy resin is hard to disperse well. Poor dispersion by the rigid epoxy is thought to be derived from high viscous liquid. Relative high melt viscosity at mixing and low flow ability at laminating. On the contrary, bis-phenol A type epoxy shows low viscosity and good flow ability. It is important to control the melt viscosity and flow ability to obtain good thermal conductive sheet.
Development of heat conductive sheet
From those results, it is impossible to meet high bulk heat conductivity and low interfacial thermal resistance.
To satisfy the good heat conductivity and low interfacial thermal resistance, large filler and small size filler were mixed and the small size filler was dispersed especially at the surface region.
In order to increase thermal conductivity, Lee et al. Considering those things, we successfully developed the thermal stable heat conductive sheet having extremely low interfacial heat resistance. The interfacial thermal resistance and heat conductivity are 0.009 K/W and 10 W/mK respectively as shown in Fig. 6 . The heat conductive sheet shows 5% weight loss at 396°C under N 2 flow. This material is suitable for thermal interface material for high temperature devices such as SiC.
Conclusion
We have developed the novel extreme low interfacial thermal resistance heat conductive sheet by examining a filler loading, polymer modulus and dispersion of heat conductive filler.
To obtain lower interfacial thermal resistance, we confirmed following key points. 1. using soft polyimide, 2.
using small size heat conductive filler, 3. Good dispersion. He is a specialist of high thermal conductive materials and photo sensitive polymers. Fig. 6 Interfacial thermal resistance and heat conductivity of various types of heat conductive adhesive.
